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Aims
To obtain a better understanding of factors that are associated with cognitive limitations in employed MBTS.
Methods
The study was performed by means of a web-based survey. Occupationally active MBTS (n 5 113) and a non-cancer comparison group (n 5 123) were recruited. While accounting for demographics, medical factors, health behaviours and problem-solving orientation, the relationship among measures of symptom burden (fatigue, depression and anxiety) and cognitive limitations were investigated.
Results MBTS (average 4 years post-diagnosis) reported higher levels of physical fatigue (P , 0.001), depression (P , 0.001) and anxiety (P , 0.01). MBTS reported more overall cognitive limitations (P , 0.001), memory (P , 0.001), executive function (P , 0.001) and attention (P , 0.001) deficits. Education (B 5 23.4, 95% CI 5 26.7 to 0.1), ethnicity (B 5 5.2, 95% CI 5 0.6-9.8), job stress (B 5 3.9, 95% CI 5 1.5-6.4), depressive symptoms (B 5 0.7, 95% CI 5 0.1-1.3) and negative problem solving (B 5 4.2, 95% CI 5 1.5-7.0) were also associated with higher levels of cognitive limitations in both groups.
Introduction
Malignant brain tumours represent 1% of all cancers [1] and have one of the highest mortality rates [2] . Previous research indicates that up to 73% [3] of malignant brain tumour survivors (MBTS) are active in the workplace. MBTS often report problems with fatigue, depressed mood and cognitive limitations [4, 5] . Cognitive deficits have been demonstrated to persist at least 2 years postdiagnosis in MBTS [6] . Cognitive problems in MBTS can be a consequence of the location and severity of the tumour [7] , as well as exposure to surgery, radiation and chemotherapy to the brain itself [8] . Some common cognitive problems in MBTS can present as difficulties in working memory (ability to recall information over a short time frame), executive function (ability to synthesize and organize various information), attention deficits and difficulties with numerical operations [9, 10] . Working MBTS represent a subgroup of highly functioning individuals as indicated by their ability to continue to work during and/or following primary treatment.
The current study is an investigation of perceived cognitive function in employed MBTS. This study was conducted to determine whether: (i) perceived cognitive function differs in working MBTS in contrast to a healthy group of workers; (ii) time since diagnosis is related to level of cognitive limitations and (iii) a differential pattern of demographics, symptom burden and problem-solving orientation are observed in employees with and without MBTS.
Methods
A web-based survey was housed online on a secure site using Test Pilot [11] . The protocol was approved by the Uniformed Services University and the American University Institutional Review Boards. Completion of an online consent form was required prior to accessing the survey. Upon completion of the questionnaire, participants could enter their name and address to receive a 'LIVESTRONG' wristband and $15.00 US. On average, the time to complete the full survey was 1 hour and 25 min. While taking the survey, participants were able to take breaks from the survey and complete it at their own pace.
Inclusion criteria were age (20-70 years), minimum of 7th grade English reading proficiency and working full time for at least 1 year prior to diagnosis. Inclusion criteria into the non-cancer comparison group (NCCG) were employed for a minimum of 1 year at the time of the study and reporting the absence of any health problems.
Adult MBTS and NCCG were recruited from brain tumour organization websites, through brain tumour support groups in Washington DC and Baltimore, Maryland, and via distribution of flyers at brain tumour fund-raisers, such as the Race for Hope. Newspaper advertisements were also placed in the 'Washington Post', 'Los Angeles Times' and the 'National Institutes of Health Record'.
A seven item pre-screen questionnaire was provided online. Individuals who met the inclusion criteria were contacted via email and provided with a username and password for the website containing the survey. The measures (described below) obtained information on self-reported medical status, mood, anxiety, fatigue, cognitive limitations, exercise, sleep and approach to problem solving. The brain tumour participants were asked to complete a series of questions regarding medical history. These questions included type of tumour, stage of tumour, treatment received (surgery, radiation and/or chemotherapy), dose of radiation, months on chemotherapy, date of diagnosis, medications, co-morbid health conditions and availability of health insurance.
The Hospital Anxiety and Depression Scale; a selfassessment scale for measuring depression and anxiety in a general medical population comprising 14 items on two subscales [Anxiety (A-scale) and Depression (D-scale)] [12] was used to detect symptoms of depression and anxiety.
The Multidimensional Fatigue Symptom InventoryShort Form, a 30-item self-report measure of fatigue encompassing five symptom domains: general fatigue, physical fatigue, emotional fatigue, mental fatigue and vigour [13] was also used. In an effort to control for redundancy of measurement, physical fatigue was the dimension of interest and was the only scale used to represent fatigue in the analysis.
Questions from the Behavioural Risk Factor Surveillance Survey [14] were used to obtain information on the frequency of aerobic and strengthening exercises (rarely, one or two times/week, at least three times/week). One question assessed whether participants felt that they generally received sufficient sleep (yes/no).
The Negative Problem Solving Orientation subscale of the Social Problem Solving Inventory-Revised was used to assess negative problem orientation, impulsivity/ carelessness style and avoidance style of coping with daily problems [15, 16] .
While the gold standard for assessment of cognitive function is objective neuropsychological testing [17] , it was assumed that working MBTS and NCCG would be able to provide a relatively simple dichotomous response as to whether they experienced cognitive problems in everyday life related to memory, organization and attention. We focused on patient reported cognitive limitations (PRCLs) using a questionnaire with examples of common forms of cognitive limitations (e.g. constantly forgetting where you left your keys) and a dichotomous discrimination (yes/no).
The measure of PRCL was modified from the Cognitive Symptom Checklist (CSC) by the investigators. The measure was originally developed for use as a patient checklist [18] . Rather than using it as a checklist to identify areas where further testing is warranted, we asked the participant to indicate whether the cognitive function was a problem at work using a yes or no format. These problems included attention/concentration, memory, visual processes and executive function. Based on a factor analysis (varimax rotation), we reduced the measure from 100 to 83 items. A three-factor solution was identified: working memory, executive functioning and attention. The CSC was further reduced to 59 items through selecting items with a factor loading of 0.4 or higher. The internal consistency for the three factors was as follows: memory (a 5 0.93), executive functioning (a 5 0.91) and attention (a 5 0.86). The shortened version of the CSC was used as a patient-reported index of cognitive difficulties encountered by participants at work.
Participants in both groups were statistically matched on age, gender, education and marital status. As part of the matching analysis, 9 MBTS and 32 participants in the NCCG were deleted from the sample. The extracted sample did not differ from the original sample on measures of cognitive limitations, depression, anxiety, physical fatigue, exercise, sleep or health behaviours for either the MBTS group or the NCCG.
Chi-square, t-test and multivariate analyses were conducted to determine if differences observed between the MBTS and NCCG were significant. Differences between the two groups in terms of symptom burden measures and patient-reported cognitive function were analyzed using multivariate Hotelling T-squared tests. For the MBTS, a t-test was used to analyze cognitive function, at two different time intervals since diagnosis. Only MBTS 1-5 and 6-10 years post-diagnosis were used to avoid the small n associated with longer term survivors over 10 years postdiagnosis. Hotelling T-squared tests were conducted to evaluate multivariate and univariate differences in symptom burden (e.g. symptoms of depression and anxiety, physical fatigue, cognitive limitations) between both groups.
A systematic approach to reducing the number of independent variables in the final regression was used [19] . Demographic and medical variables were analyzed for their relationship to cognitive limitations (P , 0.10) using univariate linear regression. The final multivariate model included: group status (MBTS/NCCG), education, marital status, ethnicity, exercise (aerobic and strength), sleep, job stress, distress (depression and anxiety), physical fatigue and negative orientation to problem solving. An interaction term with cancer/non-cancer group was also created for each independent variable. Interaction terms were constructed by multiplying each variable by the cancer status indicator (brain tumour 5 0 and non-cancer 5 1) and represented the difference in regression coefficients between the MBTS and NCCG.
The model permitted determination of the association of symptom burden, including physical fatigue and distress while accounting for demographic variables, exercise, sleep, job stress and how these occupationally active MBTS tended to approach problems. Missing data were substituted with either the mean for continuous variables or the median for categorical variables [19] . Items that had .5% missing data were excluded from the analyses.
Results
The study consisted of 113 MBTS and 123 NCCG. Table 1 lists demographic characteristics for MBTS and NCCG and shows that there were no significant demographic differences between the groups.
The groups differed in average physical activity, with 38% of the MBTS and 20% of the NCCG stating that they rarely exercise (P , 0.01). In total, 32% of the MBTS and 51% of the NCCG reported that they receive enough sleep on a regular basis (P , 0.01). There were no statistically significant group differences in negative problem-solving orientation [MBTS M 5 2.2, standard deviation (SD) 0.9; NCCG M 5 2.0, SD 0.7].
As Table 2 indicates, the MBTS group appears to be representative of the US population of MBTS in terms of types of tumours, grade and treatment exposures. In all, 62% had either astrocytomas or oligodendrogliomas. Tumour Grades II or III were most common (72%). The majority (65%) of the MBTS sample reported receiving a combination treatment.
Hotelling T-squared tests were performed to compare differences in symptom burden measures between the MBTS and NCCG. The multivariate analysis indicated that MBTS were significantly more likely to report higher levels of physical fatigue (F 5 16.8, P , 0.001), depressive symptoms (F 5 16.2, P , 0.001) and anxiety-related symptoms (F 5 6.1, P , 0.01). While MBTS demonstrated higher levels of complaints in all three symptom burden categories, the levels are modest (Figure 1 ).
Hotelling T-squared tests were performed to compare differences in working memory, executive functioning, attention and total score between the MBTS and NCCG. MBTS were significantly more likely to report levels of cognitive limitations both in total score (F 5 48.6, P , 0.001) and on the three specific scales (Figure 2) . MBTS reported more difficulties with working memory (F 5 86.5, P , 0.001), executive functioning (F 5 24.8, P , 0.001) and attention (F 5 18.7, P , 0.001).
A three-way analysis of variance was conducted to determine whether the pattern of cognitive limitations in MBTS differed by time since diagnosis (0-5, 6-10 or 11-27 years). Analyses were conducted to determine whether cognitive limitations adjusted for age and education differed across time since diagnosis. As Figure 3 indicates, no significant differences were found for overall cognitive limitations, memory, executive function or attention among groups (time since diagnosis). Cognitive *P , 0.05, **P , 0.01, ***P , 0.001.
limitations were stable across time since diagnosis regardless of age or education level.
To determine whether symptom burden was associated with cognitive limitations in MBTS than NCCG after accounting for demographic variables, a two-step variable reduction technique was administered [19] . First, a linear regression was performed with all the variables related to medical and demographic factors as independent variables to determine their contribution to cognitive limitations. As Table 3 indicates, education (B 5 23.4, 95% CI 5 26.73 to 20.01) and ethnicity (B 5 5.2, 95% CI 5 0.6 to 9.8) were the only demographic variables related to cognitive limitations in both groups combined. Further, job stress (B 5 3.9, 95% CI 5 1.5-6.4), depressive symptoms (B 5 0.7, 95% CI 5 0.06-1.30) and negative problem solving (B 5 4.2, 95% CI 51.5-7.0)wereall significantly related to cognitive limitations in both groups. No significant group interactions appeared although trends were observed for cognitive limitations and job stress by group and cognitive limitations and physical fatigue by group. While the relationship between cognitive limitations and job stress or physical fatigue did not significantly differ between the two groups, job stress trended in the direction of being stronger for the MBTS group while physical fatigue was more strongly associated with cognitive limitations in the NCCG group.
Discussion
In our study, MBTS reported a higher level of cognitive limitations than the non-cancer control group on working memory, executive function and attention. Lower education levels, race, depressive symptoms and negative problem-solving orientation were associated with cognitive limitations in both groups. Despite the greater level of cognitive limitations in MBTS, the regression analysis did not demonstrate any significant group interactions for aerobic activity or depressive or anxiety-related symptoms. Cognitive limitations were not differentially associated with measures of symptom burden or reported health behaviours that could directly influence cognitive limitations. Two interactions that approached significance indicated that a stronger relationship between job stress and cognitive limitations were observed in the MBTS, while physical fatigue was more strongly related to cognitive limitations in the healthy workers. The latter finding is consistent with the previous research on fatigue and cognitive limitations [20] . The MBTS in the present study were similar in terms of types of tumours and treatment exposures to those typically diagnosed with malignant brain tumours [2] . The MBTS were, on average, 4 years post-diagnosis and actively employed. This group was operating at a relatively high level of functioning given their work status. Previous research with MBTS has highlighted the negative impact of cognitive limitations on function [9, 10] . Recent advances in diagnosis and treatment aimed at maintaining high levels of residual function [21] suggest that an increasing number of MBTS are functioning at higher levels than in the past. As such, efforts to better understand recovery and optimization of function are warranted. The present study indicates that despite higher levels of cognitive limitations at an average of 4 years post-diagnosis, the factors associated with these limitations generally do not differ from individuals who have never had a persistent illness or exposure to treatments associated with cancer. However, different trends in factors affecting cognitive limitations were observed in MBTS and NCCG.
The time range from diagnosis in the MBTS group allowed us to take a cross-sectional look at those survivors 1-5 and 6-10 years post-diagnosis. The two groups of MBTS did not differ in levels of reported cognitive function across years indicating that within a 10 years span since diagnosis levels of cognitive function do not change. This differs from what is seen in some other cancer survivor groups where the brain is not directly the target of the tumour or treatment [22] . Most of the research focusing on cognitive function after cancer has been conducted with breast cancer survivors [17] and this work needs to be expanded to other cancer types including brain tumours. Interaction terms are constructed by multiplying each variable by the cancer status indicator (malignant brain tumour 5 0 and non-cancer 5 1) and represent the difference in regression coefficients between the brain tumour and non-cancer subgroups. HADS, Hospital Anxiety and Depression Scale; SPSI, Social Problem Solving Inventory; *P , 0.05, **P , 0.01, ***P , 0.001.
Our study had certain limitations. First, this was the first attempt to look at factors related to cognitive limitations in working MBTS. As such, we must keep in mind the preliminary nature of these findings. Recruitment focused on achieving a sample of working MBTS; however, confirmation of both the work status from employer records and the brain tumour diagnosis via medical records was not obtained. Both groups were convenience samples with the potential concerns inherent in such samples. Also, because of their working status, this sample intentionally represented a highly functioning group of MBTS and generalization to all MBTS requires caution. The crosssectional nature of the temporal analysis of cognitive limitations and the regressions prevented us from drawing any cause and effect conclusions. Tumours involving the frontal lobes have been associated with diminished selfawareness of cognitive limitations [23] , suggesting that some of our participants may not have been aware of their cognitive problems further questioning the use of a selfreport index of cognitive limitations. However, the data indicate that 20% of the sample had frontal lobe lesions and since the results clearly indicate a major difference between MBTS and NCCG on all self-reported cognitive limitations, if this potential confounder was operational, it would result in smaller differences than observed.
For the purposes of this study, it was reasoned that obtaining information relevant to perceived everyday experiences of MBTS that reflect various cognitive activities required for work was sufficient for our purposes. Future studies should incorporate both neuropsychological and self-reported assessments of cognitive function in a longitudinal design to assess both perceived and observed cognitive function.
While the magnitude of the cognitive deficits is greater in MBTS, the pattern of factors that are associated with these limitations are not specific to MBTS. The findings indicate that providers should consider the potential contribution that these factors can have on the exacerbation of cognitive limitations in general.
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